Objective: To assess the continued effectiveness and safety of Gel-200 following observation and open-label retreatment in an extension protocol following a randomized, double-blind, phosphate buffered saline (PBS)-controlled trial (initial treatment trial). Design: Patients who completed initial blinded treatment were allowed to enroll into this extension protocol that permitted retreatment with Gel-200 when eligibility criteria were met. Retreatment was administered with a Gel-200 injection, without knowledge of initial treatment assignment (Gel-200 or PBS). Retreated patients were followed for up to 13 weeks. In the extension phase, durability of response following the first injection was analyzed by time to retreatment eligibility. During separate extension and retreatment phases, responses were assessed by WOMAC pain, stiffness, and physical function subscores, total score, and global assessments of disease activity (patient, physician) as well as safety of Gel-200. Results: In the extension phase, time-to-event analyses through 26 weeks following the initial injection showed statistically significantly longer times to retreatment in patients receiving Gel-200 compared with PBS (P < 0.05). Retreatment with Gel-200, e.g., a second injection, resulted in statistically significant improvements from retreatment baseline in all outcome measures (P < 0.0001). The incidence and type of adverse events after retreatment were comparable to those observed following initial injection of Gel-200 without allergic reactions, including "pseudosepsis" or unanticipated treatment-related serious adverse events. Conclusions: These data demonstrate that a single injection of Gel-200 resulted in durable effectiveness through 26 weeks and that repeated treatment with Gel-200 relieved symptomatic osteoarthritis with a favorable safety profile.
Introduction
Osteoarthritis (OA) is the most common arthritis, characterized by joint pain and loss of physical function. 1 For more than 10 years, intra-articular injection of sodium hyaluronate has been used for treatment of pain due to knee OA and is included among recommended treatment options by several professional societies, including the Osteoarthritis Research Society International (OARSI) and the European League Against Rheumatism. [2] [3] [4] [5] [6] Gel-200 (Gel-One®, Seikagaku Corporation, Tokyo, Japan) is a single-injection intra-articular hyaluronic acid (IA-HA) approved in the United States in 2011 for the treatment of OA of the knee. It is a sterile, transparent, viscoelastic hydrogel composed of cross-linked hyaluronate, a derivative of a highly purified sodium hyaluronate product. 7 Results from a randomized, double-blind, controlled trial comparing intra-articular injection of Gel-200 with phosphate buffered saline (PBS) (initial treatment) conducted in the United States in 379 patients with OA of the knee have been previously reported. 8 Effectiveness and safety of a single injection of Gel-200 through 13 weeks were demonstrated. Administration of Gel-200 resulted in statistically significant improvements in Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) pain, physical function, and physician global assessments of disease activity. Improvements compared with PBS control were evident as soon as 3 weeks following a single injection and sustained over 13 weeks. Reported adverse events (AEs) were comparable between Gel-200 and PBS groups. No unanticipated treatment-related serious AEs (SAEs) were reported.
The purpose of this trial was to assess effectiveness, durability of response, time to return of pain, and safety following initial and retreatment with Gel-200. In the extension protocol, responses were assessed for as long as 26 weeks following first injection in the blinded initial treatment protocol and for 13 weeks following a second injection. Patients who completed the 13-week blinded initial treatment trial were permitted to enter this extension study for follow-up and retreatment when they met eligibility criteria. The observational extension phase was as long as 13 weeks, e.g., 26 weeks following the blinded first injection in the initial treatment trial. Follow-up evaluations in the extension phase occurred at 16, 19, 22 , and 26 weeks after initial study treatment.
Method

Trial Design
When patients requested and met retreatment eligibility criteria during the extension phase, they received an injection of Gel-200 (30 mg cross-linked HA in 3.0 ml) at week 0 of the retreatment phase, without knowledge of the initial injection. Screening occurred 2 days to 2 weeks prior to retreatment. Inclusion and exclusion criteria were identical to those of the initial treatment trial, 8 which required ≥40 mm on a 100-mm visual analog scale (VAS) of WOMAC pain score in the treated knee and ≤20 mm in the contralateral knee. Effectiveness and safety of retreatment were assessed 1, 3, 6, 9, and 13 weeks after the retreatment injection in two treatment groups (G2: patients who received two Gel-200 injections; PG: patients who received one PBS injection and one Gel-200 injection). Retreatment baseline was defined as the average of screening and week 0 scores in the retreatment phase of the extension protocol.
Acetaminophen up to 4,000 mg/day was provided as rescue medication except within 24 hours of a treatment evaluation. As in the initial treatment protocol, nonsteroidal anti-inflammatory drugs, nonprescription herbal therapies, and chondroprotective agents (e.g., oral hyaluronic acid, glucosamine, chondroitin sulfate, minocycline) were allowed if patients did not change their treatment regimen and continued regular administration at stable doses from 4 weeks prior to open-label retreatment protocol screening throughout retreatment. Intermittent use of short-acting oral opiates was also allowed with the exception of use of any medications for symptomatic pain relief within 24 hours prior to each visit evaluation. In both phases, patients and evaluating physicians remained blinded to initial treatment allocation.
Outcome Measures
In the extension phase, time to retreatment was determined by survival analyses according to two criteria defining the return of OA pain in the knee as well as eligibility for retreatment: Endpoint A-WOMAC pain subscore ≥40 mm in treated knee; and Endpoint B-WOMAC pain subscore ≥40 mm in treated knee and improvement from baseline <20 mm. The effectiveness of Gel-200 retreatment was assessed by WOMAC pain, stiffness, physical function subscores and total scores; patient and physician global assessments of disease activity; and Outcome Measures in Rheumatoid Arthritis Clinical Trials/Osteoarthritis Research Society International (OMERACT-OARSI) responder rates [9] [10] [11] : defined as improvements from baseline in WOMAC pain or physical function subscores ≥50% with absolute changes ≥20 mm (termed "strict responders") or ≥20% with absolute changes ≥10 mm in two of three measures: WOMAC pain or physical function subscores and/or patient global assessments of disease activity (termed responders). Safety was assessed by SAEs, AEs, unanticipated treatment-related SAEs, treatment-related AEs, and within 24 hours of Gel-200 injection in the extension and retreatment phases. All were coded by Medical Dictionary for Regulatory Activities (MedDRA ver. 10.0). Investigators evaluated severity of reported AEs and their relationship to treatment. Laboratory data were assessed at retreatment screening and week 13 visits.
Statistical Methods
All analyses were prospectively defined. Time to retreatment qualification following initial injection was displayed for all originally randomized patients using a Kaplan-Meier life table to compare Gel-200 versus PBS and analyzed using a primary Cox proportional hazards model to account for the influence of initial baseline VAS scores and covariates.
For effectiveness following a second injection, a paired t-test was used to assess improvement from the retreatment baseline. The percentage of patients reporting improvements meeting OMERACT-OARSI response criteria were calculated. All improvements from the retreatment baseline are presented with those in the initial treatment trial without a statistical test.
For safety during the extension phase or following a second injection, all P values were based on two-sided tests comparing treatment groups: Gel-200 versus PBS or G2 versus PG. Safety of a second Gel-200 injection in comparison to the first injection was assessed using McNemar's test comparing the discordant pair experiencing any treatmentrelated AE.
Results
Patient Population
Of 350 patients who completed the initial treatment trial and were eligible to enter this extension and retreatment trial, a total of 258 were enrolled; a subset of 97 continued observation in the extension phase whereas 199 patients received a second injection (125 patients received a second Gel-200 injection) (Figure 1) . Ninety-two patients did not enter the trial: 36 completed the initial treatment protocol before sites initiated the extension and retreatment trial; 6 were not eligible as their sites did not participate in the extension phase; 50 did not consent to participate in the extension. Patient demographics, disease characteristics, and retreatment baseline scores were comparable between treatment groups (Tables 1 and 2 ). *92 did not enter the extension trial: 36 completed initial treatment before the site initiated the protocol; 6 because their sites did not participate in the trial; 50 did not consent to enter the extension. G2 group received a second Gel-200 injection. PG group received a Gel-200 injection following an initial phosphate-buffered saline (PBS) injection.
Effectiveness Measures in the Extension Phase
The superiority of Gel-200 compared with PBS was demonstrated in time to retreatment after initial injection by the Cox proportional hazards model: a 26% relative reduction in risk for qualifying for retreatment in the Gel-200 group over the trial period for endpoint A and 25% for endpoint B, statistically significant for both (P = 0.023 and P = 0.040, respectively) ( Table 3) 
Safety Measures in the Extension Phase
There were no statistically significant differences in the incidence of AEs between Gel-200 and PBS treatment groups. AEs related to Gel-200 injection were joint swelling (14 patients [5.4%]) and/or effusion (7 patients [2.7%]) and arthralgia (9 patients [3.5%]). Although there were two SAEs of colon cancer and deep vein thrombosis in one patient who initially received PBS and did not receive a second injection of Gel-200, all were judged unrelated to study treatment.
Effectiveness Measures in the Retreatment Phase
Following a second injection, active treatment with Gel-200 resulted in statistically significant improvements from The analysis was conducted up to 26 weeks after initial treatment using endpoint B. retreatment baseline in WOMAC scores (pain, stiffness, physical function, total) and global assessments of disease activity (patient, physician) (P < 0.0001) ( Table 4) .
OMERACT-OARSI response rates in the G2 group were equivalent to those of the PG group ( Table 5) . Improvements in effectiveness measures were consistent between initial and second Gel-200 injections ( Table 6 ).
Safety Measures in the Retreatment Phase
Among the G2 group (125 patients), 151 AEs were reported in 68 patients (54.4%), compared with 106 AEs in 43 patients (58.1%) in the PG group (74 patients) ( Table 7) . There were no statistically significant differences in the incidence of AEs between the G2 and PG groups. Treatment-related AEs occurring in ≥5% of patients in both treatment groups were joint swelling, joint effusions, and arthralgia. Six SAEs were reported in 4 patients (Tables 7 and 8 ). None were judged related to Gel-200 treatment. Laboratory data did not reveal adverse effects of Gel-200 administration. When comparing the incidence of treatment-related AEs, the rates following a second Gel-200 injection in the retreatment phase did not exceed those after the first Gel-200 injection in the initial treatment trial ( Table 9) .
Discussion
Before this trial, we demonstrated the effectiveness and safety of a single injection of Gel-200 in a randomized, double-blind, PBS-controlled study. 8 This trial demonstrated that both first and second injections of Gel-200 resulted in improvements in knee OA pain. Pain relief following an initial injection of Gel-200 was sustained for as long as 26 weeks. Retreatment with Gel-200 demonstrated statistically significant mean improvements from baseline in WOMAC pain, stiffness, and physical function subscores, total score, and global assessments of disease activity (patient, physician) in both G2 and PG groups at week 13, the trial endpoint. There were no unanticipated treatment-related SAEs reported in either the extension or retreatment phase. These results support a favorable safety profile for Gel-200. Thus, Gel-200 retreatment is a viable and safe therapeutic option.
The extension phase was designed to observe patients who sustained long-term improvements in WOMAC pain subscore after an initial injection of either Gel-200 or PBS. Kaplan-Meier and Cox proportional hazards model were designed to include all patients in the ITT population from the initial treatment trial. Kaplan-Meier estimates for time to retreatment eligibility were longer in patients receiving Gel-200 than PBS, without statistical significance. In the Cox proportional hazards model, which accounted for the impact of covariates, a statistically significant advantage of Gel-200 over PBS was demonstrated beyond 13 weeks and up to 26 weeks following initial treatment.
Retreatment with Gel-200 demonstrated statistically significant mean improvements from retreatment baseline in all patient-and investigator-reported measures at the week 13, the trial endpoint. Improvement following a second injection of Gel-200 was comparable to or better than that after an initial injection in the G2 group, although this group did not include the entire Gel-200 treated population from the initial trial. Effectiveness of Gel-200 retreatment was also supported by strict OMERACT-OARSI responder rates, which were comparable to those following the initial injection. In these effectiveness results, improvements from retreatment baseline following initial versus repeated treatment were compared without statistical testing or comparison of improvements between groups because of the difficulty in interpretation of open-label treatment. However, we noted trends indicating that a second injection of Gel-200 provided more effectiveness than the initial injection. This retreatment benefit will require confirmation in a future trial.
Retreatment with Gel-200 was also safe and well tolerated. There were no differences in treatment-related AEs between initial (PG) and second (G2) Gel-200 injections. No new, device-related AEs were observed after retreatment.
With regard to localized AEs, joint swelling, joint effusion, and arthralgia are commonly reported with use of all IA-HA products. [12] [13] [14] [15] When comparing the incidence of AEs following initial versus retreatment, an increased frequency of acute local reactions has been reported with other multi-injection IA-HA products. 16, 17 In the Gel-200 trials, AE rates after the second injection of Gel-200 were lower than those observed following initial treatment. Pseudoseptic reactions have been reported with hylan G-F 20, a covalently cross-linked HA using formaldehyde and vinylsulfone, [18] [19] [20] [21] [22] whereas no such reactions have been reported with Gel-200, over extended observations and repeat treatment courses.
Taken together, data from the initial treatment and extended observation protocols demonstrate that a single injection of Gel-200 provided improvement in signs and symptoms of OA of the knee as early as 3 weeks and sustained through 26 weeks following a single injection of Gel-200. Repeat treatment with Gel-200 was as effective as initial therapy over 13 weeks duration with an acceptable safety profile.
